In 1925 Keith, Barrier and Whelan (1) noted that the diuretic potency of novasurol was increased when ammonium chloride was administered prior to the mercurial. This observation was subsequently extended to include potentiation of other mercurial diuretics by a variety of acidifying agents (2) (3) (4) (5) . Furthermore, potentiation has been shown to be synergistic for fluid loss induced by the combination exceeds the sum of the losses induced by the agents singly (2, 3, 5, 6) . Potentiation has been variously ascribed to the following changes induced by the acidifying agents: increased acidity of the body fluids (2, 4, 5) , increased acidity of the urine (7) and altered anion pattern of the blood plasma (4, 8, 9) . Experiments described below suggest that the latter is the most significant factor and, possibly alone, can account for the observed increase in diuretic efficacy.
METHODS
All experiments were performed on two well trained female dogs, loosely restrained on a comfortable animal board. Creatinine for the measurement of glomerular filtration rate and para-aminohippurate for the measurement of minimum effective renal plasma flow were infused intravenously at a rate calculated to maintain plasma concentrations constant at optimum levels. The animals were fasted for 14 to 16 hours preceding an experiment, and 30 minutes prior to the start of the first collection period, 500 cc. of water were administered by stomach tube. After one or more control periods, salyrgan.2 was given intravenously. Since mercury diuresis was superimposed on water diuresis, little emphasis has been placed on urine flow. Rather diuretic efficacy has been assessed in terms of rates of excretion of sodium and chloride.
Urine was collected under paraffin oil by an indwelling urethral catheter and the bladder was emptied by firm, gentle, suprapubic pressure. Aliquots for carbon dioxide and pH determinations were withdrawn without exposure to air. Blood samples were collected by an in-1 These studies were supported by grants from the National Heart Institute, National Institutes of Health and the Life Insurance Medical Research Fund. dwelling needle in the femoral artery. That part of the sample to be used for pH and carbon dioxide determinations was drawn in an oiled syringe and handled anaerobically. Measurements of blood and urine pH were made at room temperature with a Cambridge condenser type glass electrode and corrected to 38°by subtracting .01 pH unit per degree difference in temperature. Bicarbonate was calculated from the carbon dioxide content and pH using the Henderson-Hasselbalch equation. Carbon dioxide was determined by the method of Van Slyke and Sendroy (10) , chloride by the Van Slyke and Hiller modification of Sendroy's method (11), sodium and potassium on an internal standard flame photometer and creatinine (12) and-para-aminohippurate (13) colorimetrically.
RESULTS
Three experiments on one dog are summarized in Table I . In each experiment 80 mg. of mercury as salyrgan were administered intravenously at zero time. The first experiment describes the more or less typical response of this animal to the mercurial diuretic alone and serves as a standard of reference with which the response under other conditions may be compared. In this experiment sodium excretion increased from 247 microequivalents per minute in the control period to 744 microequivalents per minute some 60 to 80 minutes after the diuretic; an increase of about 500 microequivalents per minute.
On the day preceding the second experiment 10 gms. of ammonium chloride were given orally in divided doses. The inherent diuretic action of the salt was largely spent on the succeeding day, for the control rates of sodium excretion averaged but 48 microequivalents per minute.5 However, 3The chloride ion, left after the ammonia has been converted into urea by the liver, is neutralized by base derived from bicarbonate and is partially excreted by the kidney as sodium chloride. This loss of sodium chloride and its associated water we consider a consequence of the inherent diuretic action of ammonium chloride. It is relatively short-lived in comparison with the more prolonged disturbance in plasma anion pattern and pH occasioned by the salt. (Figure 1 ).
In Dog T (Figure 2) In Dog R, the response to salyrgan following the administration of ammonium chloride is significantly greater than in control experiments and demonstrates a synergistic type of potentiation of the mercurial by the acidifying agent. In Dog T the. synergism is less evident, yet if one considers the magnitude of the increase in sodium excretion over control rates, it is probably real.
The curve designated NaHCO. plus salyrgan was derived from an experiment in which 15 gms.
as controls for the experiments in which salyrgan was given following ammonium chloride and during the inhalation of carbon dioxide. The data derived from these experiments are summarized in Figures 3 and 4 of sodium bicarbonate per day were administered on the three days preceding the experiment and 10 gms. on the day of the experiment. Most of the sodium excreted during the experiment was eliminated as bicarbonate, and the urine was quite alkaline. The plasma level of bicarbonate was elevated and that of chloride depressed. In this experiment and in others like it, salyrgan exhibited little or no diuretic activity, a fact which has been previously noted by other investigators (5, 14) . The two curves designated NH4C1 alone and CO. alone were derived from experiments in which no mercury was given, and serve sodium, potassium, chloride and bicarbonate excreted during the two hours following salyrgan in excess of what would have been excreted had the control rate been maintained. If a block is above the base line, the rate of excretion of that ion was increased by salyrgan; if below the base line, the rate of excretion declined following the diuretic. This mode of expression more accurately describes synergistic potentiation of the diuretic action of salyrgan by ammonium chloride than does the peak rate of excretion presented in Figures 1 and 2 
DISCUSSION
Experiments presented above rule out acidity of the plasma and interstitial fluid as a cause of potentiation of mercurial diuretics by acidifying salts. Thus inhalation of 6 to 8 per cent carbon dioxide, which induces a more severe acidosis than does the ingestion of 10 gms. of ammonium chloride, has no effect on salyrgan diuresis.
The data are less conclusive with respect to the relationship between urinary acidity and diuretic efficacy of mercurials. There has been in this series of experiments a marked lability of urinary pH under all conditions other than those of ammonium chloride acidosis and sodium bicarbonate alkalosis, a fact which renders difficult any assessment of the significance of the acidity of urine. As noted in the discussion of the three experiments presented in Table I , there is suggestive evidence that urinary pH is not a determining factor.
More conclusive evidence for this view is presented in the two experiments outlined in Table   II . In these experiments acidosis was induced by the oral administration of ammonium chloride on the day preceding the experiment. On the experimental day, the animal was anesthetized with chloralose (100 mg. per kg.). Saline containing a small amount of neutral sodium phosphate was infused for 2% hours prior to and throughout the course of the experiment. After two control periods 160 mg. of mercury as mercuhydrin were administered intravenously. The high rate of infusion of saline protects the animal against the acute circulatory collapse which often follows large doses of mercurial diuretics and also produces a prolonged, sustained mercurial diuresis (15) . Phosphate was given to stabilize urine pH and to avoid the disturbing fluctuations often ob- served when the urine is poorly buffered. Urine flow and sodium excretion rose rapidly to reach a plateau 30 to 40 minutes after the mercurial. A priming dose of the carbonic anhydrase inhibitor (2-acetylamino-1,3,4-thiadiazole-5-sulfonamideI [10 to 20 mg. per kg.]) was given intravenously to shift urine pH rapidly toward an alkaline reaction, and the inhibitor was also infused at a rate of 2 to 4 mg. per minute. Finally, 1 cc. of BAL was given intramuscularly to block the action of the mercurial diuretic. It is evident that a rapid change in urine pH in the absence of any significant change in the composition of the plasma was without effect on the action of the mercurial diuretic. Thus the peak urine flows and peak rates of excretion of sodium and chloride obtained after the mercurial were not depressed following the administration of the inhibitor despite a significant increase in urine pH.
The inherent natriuretic action of the inhibitor is represented by the increased excretion of bicarbonate. Blockage of exchange of hydrogen ion for sodium ion leads to increased excretion of sodium equivalent to the increased excretion of bicarbonate. It is evident from Table II Table I . The coefficient of correlation for the 16 pairs of observations using the mean concentration values and the total excess excretion values after administration of salyrgan, shows the correlation between plasma chloride concentration and excess sodium excretion to be r = + .70 (p = .0025). This is a statistically significant degree of correlation. The correlation between plasma sodium concentration and excess sodium excretion is r = -.13 (p = > .6, < .7). This is not significantly different from zero correlation. In general an increase in plasma chloride induced by ammonium chloride was associated with an essentially equivalent reduction in plasma bicarbonate. It is, therefore, obvious that if sodium excretion is directly related to the plasma concentration of one of these anions, it must be inversely related to that of the other.
We feel that the relationship to plasma chloride is the significant one, and that if mercury specifically blocks one ion absorptive mechanism, that mechanism is the one for chloride absorption. In- creased sodium excretion following mercurial diuretics is thus a more or less passive consequence of increased chloride elimination. This view is based on the following facts: (a) After salyrgan the excretion of chloride regularly exceeds that of sodium. This can be seen in Table I and Figures 3 and 4 and has previously been noted by Blumgart and his co-workers (8, 16) . Others (2, 4, 17) have correlated the efficacy of a mercurial diuretic with the plasma chloride concentration. (b) Bicarbonate excretion is not increased in mercurial diuresis (cf. Figures 3 and  4) . Were sodium reabsorption specifically blocked, one would anticipate that the excretion of both bicarbonate and chloride would be increased, rather than that of chloride alone. Furthermore, the plasma concentrations of chloride and bicarbonate reflect this discrepant loss of chloride. During the course of a mercurial diuresis there is frequently a fall in plasma chloride and a rise in plasma bicarbonate with no change in plasma sodium concentration (Table I, [6, 8, 14, 18] ).
Hypochloremia has been cited as one cause of resistance of patients to mercurial diuretics (14) ; others have not distinguished between hypochloremia and hyponatremia (2, 9) . Elevation of plasma chloride by administration of sodium chloride or ammonium chloride has been shown to restore the response of such individuals to mercury (14, 17, 19) . Our results are in agreement with such a view, and extend it by suggesting that potentiation of diuretic action by ammonium chloride is a consequence of the hyperchloremia induced.
Although we have not studied other acidifying agents known to potentiate mercurial diuretics, we would anticipate that a similar explanation could account for their effects. The action of calcium chloride would obviously parallel that of ammonium chloride for both substitute chloride for bicarbonate in the body fluids (20) (21) (22) . Ammonium nitrate not only increases the plasma concentration of nitrate, but to some degree causes the retention of chloride "at the expense of bicarbonate" (3) (4) (5) . It is probable that ammonium sulfate produces the same effect (22) . Furthermore, it has been shown that when the administration of nitrate causes a fall in plasma chloride, mercurial diuresis is reduced (4) . A single explanation could thus account for the action of these several acidifying agents, namely, elevation of plasma chloride level. Since the greatest increase in plasma chloride results from the ingestion of ammonium chloride, it is not surprising that it is the most effective of the potentiating agents and the one which is commonly employed clinically.
SUMMARY
In experiments on normal dogs, it has been observed that the administration of 10 gms. of ammonium chloride on the day preceding salyrgan, significantly potentiates the action of the mercurial diuretic. This potentiation is not a result of increased acidity of the urine and body fluid induced by the acidifying agent. Rather it is a result of an alteration in anion pattern of the body fluids, namely, a substitution of chloride for bicarbonate. It is suggested that mercurial diuretics specifically block chloride absorption and that the potentiation of diuretic action by ammonium chloride is a consequence of the hyperchloremia induced.
